INTRODUCTION
tive tissue attachment on the periodontally involved root surface, is one of the major goals of periodontal therapy. It has been suggested that only periodontal ligament The periodontium comprises gingiva, periodontal ligament, root cementum, and alveolar bone (Fig. 1a ). The cells have the potential to create new connective tissue attachment on the root surface (3, 4, (12) (13) (14) 21) . However, main function of the periodontium is to attach teeth to bone tissue of jaws, to support teeth, and to resist exter-due to proliferation of cells from other tissues such as junctional epithelium, connective tissue, and alveolar bone nal forces such as occlusion. Dental plaque building up on cervical surface of teeth causes gingivitis. Gingival in vivo (6) , periodontal ligament cells repopulate a limited area on the root surface. inflammation gradually spreads to supportive periodontal tissues due to apical downgrowth of subgingival plaque.
Periodontal healing after transplantation of teeth with seeding periodontal ligament cells was investigated in Inflammatory destruction of periodontal tissues resulting in formation of periodontal pockets is the main feature some studies (2, 7, 9, 11, 15, 16) . Those studies showed that teeth with periodontal ligament cells had a potential to of periodontitis ( Fig. 1b) .
Conventional periodontal therapy mainly includes form connective tissue attachment with new cementum on the root planed surface in submerged models. How-plaque control and supra-and subgingival debridement, which give rise to healthy but reduced periodontal tissue ever, the cells used in these studies were collected from periodontal ligament of extracted donor teeth. without periodontal regeneration ( Fig. 1c ). Regeneration of periodontal attachment apparatus, especially connec-To solve the problem of supply of periodontal liga- ment cells, we have been developing a new periodontal Japan). Periodontal ligament and cementum at 4 mm from the coronal part of the roots were removed and the regeneration technique combining tissue culture and replantation of teeth. We showed that periodontal ligament root surfaces were planed. The periodontal ligament in the apical part of the root was retained ( Fig. 2b ). cells could populate the whole of root planed surface from the remaining periodontal ligament after 4-6-weeks tissue Fourteen teeth of the experimental group were incubated in α-MEM with 120 µg/ml kanamycin sulfate, 3.0 culture (19) , and the cells located near remaining periodontal ligament expressed alkaline phosphatase activity (19) .
µg/ml amphotericin B, and 15% fetal bovine serum (GIBCO, USA) at 37°C in a humidified atmosphere of The purpose of this study was to examine clinically and histologically the periodontal healing after transplan-5% CO 2 /95% air for 6 weeks, in a dish with their distal surfaces facing up ( Fig. 2c ). Full thickness flaps were tation of teeth with reduced periodontal ligament that had been cultured in vitro.
raised at recipient sites in the alveolar ridge and sockets were prepared for transplantation of teeth. The teeth MATERIALS AND METHODS were placed into the sockets and flaps were positioned with the margin at the cemento-enamel junction (CEJ) Preparation and Transplantation of Teeth of the transplanted teeth and sutured (Fig. 2d ). The teeth Twenty-five teeth including mandibular and maxillary were adjusted to occlude and fixed to adjacent teeth with incisors of four beagle dogs (male, 1 year old, and weigh-Super-bond C&B  . ing an average of 11 kg) were used. This study was per-Eleven teeth of the control group were similarly preformed based on the guidelines for care and use of laborapared and immediately transplanted without tissue culture. tory animals of Hokkaido University Graduate School of Sutures were removed 10 days after transplantation. Medicine. The animals were anesthetized with intramus-Plaque control included twice-weekly brushing and cular injection of medetomidine hydrochloride (5 µg/kg application of 0.5% chlorhexidine gluconate solution body weight) and ketamine hydrochloride (2.9 mg/kg throughout the healing period. body weight) and local infiltration (Xylocaine 2% with 1: 100,000 epinephrine). The incisors were extracted with Histological Processing and Histometric Analysis forceps ( Fig. 2a ) and then immersed in sterile phosphate buffer saline containing 30 µg/ml kanamycin sulfate
The dogs were sacrificed 4 weeks after transplantation. Block sections were dissected, fixed in 10% buffered (GIBCO, USA) and 30 µg/ml amphotericin B (GIBCO, USA). Approximately half of the crown and 2 mm of the formalin, decalcified in Plank-Rychlo solution, trimmed, dehydrated, and embedded in paraffin. Serial sections of apical part of the root were excised using a burr, and the contents of the root canal were removed with Kerr type thickness 4-8 µm were prepared in the bucco-lingual plane. Sections were stained with hematoxylin and eosin. file and Peeso reamer. The root canal was filled with gutta-percha and Super-bond C&B  (SUN MEDICAL,
The following measurements were performed on root (Fig. 3a) .
Values are expressed in percentages of root surface length 1. Planed root length: distance between CEJ and apical with remaining periodontal ligament. extent of the root planed surface.
Downgrowth of junctional epithelium: distance from
Data Analysis CEJ to apical margin of the junctional epithelium.
The average and SD for each measurement were cal-3. Connective tissue adhesion: length of connective tisculated for each tooth from selected sections. Statistical sue attached to the root planed surface.
differences between two groups were analyzed using the 4. Cementum formation: longitudinal length of regener-Mann-Whitney U test. ated cementum or cementum-like deposit on the root. 5. Root resorption: combined longitudinal heights of re-RESULTS sorption lacunae without hard tissue deposition on Clinical healing after transplantation of teeth was unthe root.
eventful with minimum indications of inflammation 6. Ankylosis: combined longitudinal heights of ankythroughout the experimental period. losis. Values were expressed in percentages of planed root Histological Observations length.
Control Group. The epithelial attachment mostly ex-Root Surface With Remaining Periodontal Ligament tended to apical portion of the root planed surface (Fig.  (Fig. 3b) . 4a1). Connective tissue, with cells and fibers oriented parallel to the root surface, were observed proximal to 1. Root surface length: distance between apical extent of the root planed surface and apical part of the root. the apical part of the root planed surface with many shallow resorption lacunae containing multinucleated 2. Connective tissue attachment: longitudinal length of connective tissue attached to the root surface. cells in all specimens of the control group (Fig. 4a2) . Ankylosis was noted in a few specimens (Fig. 4a3 ). On the experimental group was less than that in the control group, but was not statistically significant (Table 1) . the root surface with remaining periodontal ligament, healthy periodontal ligament tissue was observed in On the root surface with remaining periodontal ligament, there was no significant difference between groups many specimens but some showed slight ankylosis and shallow root resorption (Fig. 5a ).
in the observed values (Table 1) .
Experimental Group. The epithelial attachment lo-DISCUSSION cated to the coronal third of root planed surface close to In this study, periodontal healing after transplantation the CEJ (Fig. 4b1 ). Most of the root planed surfaces of teeth with reduced periodontal ligament that had been apical to the epithelial attachment were covered with cultured in vitro was examined clinically and histologiperiodontal ligament fibers oriented parallel or inclined cally. The teeth were transplanted with the crown adjusted to the root surface ( Fig. 4b2 ). New cementum formation to occlude, to simulate clinical situation. was limited to the apical end of the root planed surface Downgrowth of junctional epithelium on the root in most specimens (Fig. 4b3 ). However, new cementum planed surface of teeth that had been cultured before was observed on the whole root planed surface in one transplantation was significantly less than that of teeth specimen (Fig. 6 ). Shallow root resorption lacunae withthat had been planed before transplantation. A long juncout odontoclasts were observed on part of the root planed tional epithelial attachment is usually observed on the surface of most specimens (Fig. 4b2 ). On the root surroot planed surface after periodontal surgery (10,20). face with remaining periodontal ligament, there were
The factors that control apical migration of junctional few cells near the root surface compared with the control epithelium are not clear. Some studies reported that ex- (Fig. 5b ). Ankylosis and root resorption were similar to posed type I collagen of root surfaces treated with citric that in control (Fig. 5b) .
acid could reduce the apical migration of junctional epi-Histometric Analysis thelium (5, 17) . In this study, type I collagen in extracellular matrix derived from the cells populating the root On the root planed surface, downgrowth of junctional epithelium in the experimental group was significantly planed surface might have affected apical migration of junctional epithelium. less than that in the control group (p < 0.01) ( Table 1) . Connective tissue adhesion was 53.62 ± 28.22% in the Most of the root planed surfaces that had been cultured were covered with periodontal ligament fibers ori-experimental group, significantly greater than that in the control group (p < 0.01) ( Table 1 ). Root resorption in ented parallel or inclined to the root surface, which is called connective tissue adhesion. This pattern of con-lated close to the CEJ could differentiate into cementoblasts by unknown factors. nective tissue healing between epithelial attachment and new cementum has been commonly reported after peri-To date, there are no reports on the periodontal healing after implantation of periodontal ligament cultured odontal surgery. Resistance of this adhesion to inflammatory cell invasion was not investigated.
in vitro on teeth. In the present study, the rate of ankylosis and root resorption in both groups did not show sig-New cementum formation was limited to apical end of the root planed surface in most of the cultured group. nificant difference. Density of periodontal ligament cells observed near the root surface that had been cultured In a previous study, we demonstrated that of all the cells that populated the root planed surface on tissue culture, was less than that of the control without tissue culture. The reduced number of cells near the root surface might only those proximal to the remaining periodontal ligament tissue expressed alkaline phosphatase activity (ALP) not be related to induction of root resorption and ankylosis. Extracellular matrix around cementum might inhibit (19) . We also found that enamel matrix derivative (EMD) could increase the area of ALP-positive cells on the root ankylosis and root resorption. On the contrary, Andreasen suggested that damage to cells close to cementum, such (8). It may be possible to increase the new cementum formation after transplantation of teeth with periodontal as cementoblasts, induced root resorption or ankylosis (1) . Further investigations on the role of aberrant healing ligament cultured in vitro by using the above proteins. One specimen showed distinct cementum formation, with events are needed.
Although the supporting structure of periodontal liga-most of the planed surface covered with cellular cementum. This suggests that periodontal ligament cells popu-ment containing Sharpey's fibers was not obtained, the odontal therapy. In: Lindhe, J.; Karring, T.; Lang, N. P., Values are group average ± SD in percentage. 
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